Summary Tumour markers CEA, were measured in 33 patients undergoing chemotherapy for advanced colorectal cancer. The aim was to determine whether they could be used to accurately monitor the course of the disease, and reduce the need for imaging. Treatment with a 5-fluorouracil based regimen resulted in a partial response in nine patients (27%), whereas the remainder either had disease stabilisation or suffered from progression. Before treatment the CEA was elevated in 85% of patients and the and CA-242 in 78%. All three markers were elevated in 70% and at least one elevated in 93%. (Hammarstrom, 1985; Gupta et al., 1987; Safi et al., 1987; Sagar et al., 1991; Nilsson et al., 1992) . Although none of these markers has proved to be of any particular value in screening for the disease, CEA is commonly used to assess the progress of patients following surgical treatment (Minton et al., 1985) and remains the 'gold standard'. Other markers appear less useful in isolation, but when combined as a panel with CEA may be of greater value than any one marker on its own (Safi et al., 1987; Persson et al., 1989) . The aim of this study was to assess whether three tumour markers CEA, are of value in monitoring the progress of patients being treated with systemic chemotherapy for advanced colorectal cancer.
Although the outlook for patients with advanced colorectal cancer has traditionally been poor, recent advances have improved this situation. Treatment with a combination of 5-fluorouracil (5-FU) and leucovorin has been shown to result in an objective response in approximately 30 to 40% of patients with proven survival benefit (Poon et al., 1989; Petrelli et al., 1989) . Similar, or higher, response rates, including some complete responses, are now also being reported in patients treated with 5-FU in combination with interferon-alpha (Wadler et al., 1989; Wadler & Wiernik, 1990) . The response to systemic chemotherapy is usually assessed by serial imaging, commonly in the form of CT scanning. Evaluation by this means is, however, expensive and time consuming for the patient. The purpose of evaluating patients response include the early identification of non-responders, who may then be spared further treatment with associated toxicity, as well as the evaluation of maximal responses which may also allow treatment discontinuation with some regimens. Simple and inexpensive tests may be repeated frequently to allow more precise use of regimens and, potentially, improve patient care.
A number of tumour markers have been demonstrated to be elevated in patients with colorectal cancer. Carcinoembryonic antigen (CEA) is the best known and most widely used of the markers (Minton et al., 1985; Staab et al., 1985; Wanebo et al., 1989) , but in recent years the production of monoclonal antibodies against colorectal cancer-associated mucin antigens have allowed the detection of a further series of markers. These include CA 19-9, CA-50, (Hammarstrom, 1985; Gupta et al., 1987; Safi et al., 1987; Sagar et al., 1991; Nilsson et al., 1992) . Although none of these markers has proved to be of any particular value in screening for the disease, CEA is commonly used to assess the progress of patients following surgical treatment (Minton et al., 1985) and remains the 'gold standard'. Other markers appear less useful in isolation, but when combined as a panel with CEA may be of greater value than any one marker on its own (Safi et al., 1987; Persson et al., 1989) . The aim of this study was to assess whether three tumour markers CEA, (Cohen & Holliday, 1982 All three markers were measured at baseline in 27 patients and they were all elevated in 19 (70%) of these patients. The CEA was elevated in 23 (85%) and were elevated in 21 (78%). In four patients the CEA alone was elevated and in three patients the CA-195 and CA-242 were elevated in the absence of an elevated CEA. In one patient CA-242 alone was elevated. Thus, in 25 of the 27 patients (93%) at least one marker was elevated. Considering the patients in whom the markers were elevated, the median (quartiles) level of the CEA was 45 (14-353) ng ml-', the CA-195 433 (16-1370)Uml-' and the CA-242 389 (123-2401) U ml-'. There was no correlation between the presence of an elevated marker and the site of metastatic disease.
Throughout the study there was an excellent correlation between the levels of CA-195 and CA-242 (Spearman rho 0.97, P<0.0001). There was, however, a much poorer correlation between the CEA and the CA-195 (Spearman rho 0.64, P<0.001) or the CA-242 (Spearman rho 0.61, P < 0.005).
Comparisons between the trend in the markers (where those markers were elevated at the start of the period being considered) and the CT findings are shown in Tables I to III. A fall in any of the markers was highly sensitive in the prediction of a partial response on CT (100% for all three markers) but the specificity was lower resulting in a positive predictive value of 54% for a fall in CEA, 46% for a fall in CA-195 and 50% for a fall in CA-242. The negative predictive value for partial response was 100% for all three markers (Table I) . When consideration was given to all patients who demonstrated any degree of tumour shrinkage on treatment then the specificity improved, resulting in positive predictive values of 77%, 62% and 67% for CEA, CA-195 and CA-242 respectively (Table II) . The sensitivity Sensitivity (%) 10/10 (100) 8/8 (100) 8/8 (100) Specificity (%) 11/14 (79) 6/11 (55) 7/11 (64) Positive predictive 10/13 (77) 8/13 (62) 8/12 (67) value (%) Negative predictive 11/11 (100) 6/6 (100) 7/7 (100) value (%) and negative predictive value were unchanged by the inclusion of minor responses. Considering the prediction of progressive disease, the sensitivity of rising markers was 74% for CEA and 62% and 60% for CA-195 and CA-242. The specificity was 100% for all markers and the positive predictive value was also 100%. The negative predictive value was 70%, 67% and 60% for CEA, CA-195 and CA-242 respectively.
The performance of each marker was then evaluated by comparison with the results of CT scanning over the whole period of the patients treatment. On this basis, where the CEA was elevated, the marker correlated with the disease course in 88% of patients, was unhelpful in 4% and was incorrect in 8%. The change in CA-195 correlated with disease course in 70% of patients, was unhelpful in 9% and incorrect in 21%. The change in CA-242 correlated with the disease course in 65% of patients, was unhelpful in 13% and incorrect in 22%.
Discussion
Treatment of advanced colorectal cancer with 5-FU in combination with leucovorin or interferon is becoming widely practised and, although the response rates are not good by comparison with more chemosensitive malignancies, they are much better than that achieved with 5-FU alone. The treatment appears to be associated with survival benefit in comparative studies (Poon et al., 1989; Petrelli et al., 1989) and, hence, the benefit may be very considerable in patients who respond to treatment.
This study has established the role and limitations of three colorectal cancer tumour markers in monitoring the course of the disease. CEA, the most commonly used tumour marker, appears to be the most useful in that it is elevated in excess of 80% of the patients with advanced disease, and has the best predictive value of the three markers studied. Where the CEA was elevated no additional information was obtained from measuring . However, these markers were still of value in monitoring patients when the baseline CEA was not elevated, and this is consistent with the fact that they are expressed independently of CEA (Hammarstrom, 1985; Persson et al., 1989) . At least one of the three tumour markers was elevated in 97% of patients. CA-195 and CA-242, however, tended to change in synchrony, as indicated by the very good correlation between them, and this suggests that they are not independently expressed. Certainly there was no benefit from measuring them both.
Whichever marker is used, it is clear that the limitation to their use in isolation is the overestimation of the number of patients who respond to treatment and underestimation of the number suffering progressive disease as demonstrated on CT. By contrast, a tumour response was never seen in the absence of falling marker levels and, similarly, rising marker levels invariably heralded tumour progression within 16 weeks. This early prediction of disease progression has been noted previously (Persson et al., 1989) . As regards the overestimation of responses, this is perhaps explicable on the basis that the treatment was having a significant inhibitory effect on the tumour which was insufficient to result in a response on CT. This is supported by the fact that some of the patients with falling markers had minor responses demonstrated on CT. In addition, it has been demonstrated that a fall in the CEA is associated with survival benefit even when there is no reduction in tumour burden on scanning (Allen-Mersh et al., 1987) . This suggests that tumour markers may actually be more sensitive in assessing tumour responses than imaging. The lack of rising markers in patients with progressive disease is a more serious limitation, but presumably reflects the growth of clones that do not express the marker.
It is clear that tumour markers cannot replace the use of imaging in the management and assessment of patients with colorectal cancer. They are, however, sufficiently sensitive and useful to be employed as the primary means of followup, providing at least one marker is elevated, and scanning techniques used to confirm the response suggested by the change in marker expression. In addition, markers may be used with some confidence in patients in whom the disease is not easily evaluable, such as those with diffuse intraperitoneal metastases.
In conclusion, we would recommend that serial CEA measurements are performed on all patients undergoing chemotherapy for advanced colorectal cancer. Only if the marker proves not to be elevated should an alternative such as CA-195 or CA-242 be used. The appropriate marker can be used as the primary means of monitoring treatment, and imaging used to confirm the response. We estimate that such a strategy may reduce by 50% the number of scans performed on an individual patient.
